Background-Contrast-induced nephropathy (CIN) is associated with significant morbidity and mortality. The objective of our meta-analysis was to assess the efficacy of iodixanol compared with low-osmolar contrast media (LOCM) for prevention of CIN. Methods and Results-We searched MEDLINE, the Cochrane Central Register of Controlled Trials, and internet sources of cardiology trial results for individual and relevant reviews of randomized, controlled trials, for the terms contrast media, contrast nephropathy, renal failure, iodixanol, Visipaque, and low-osmolar contrast media. All studies reported an incidence rate of CIN for each study group; there was no restriction on the definition of CIN. There were no restrictions on journal type or patient population. Overall, 36 trials were identified for analysis of aggregated summary data on 7166 patients; 3672 patients received iodixanol and 3494 patients received LOCM. Overall, iodixanol showed no statistically significant reduction in CIN incidence below that observed with heterogeneous comparator agents (Pϭ0.11). Analysis of patient subgroups revealed that there was a significant benefit of iodixanol when compared with iohexol alone (odds ratio, 0.25; 95% confidence interval, 0.11 to 0.55; PϽ0.001) but not when compared with LOCM other than iohexol or with other ionic dimers or among patients receiving intra-arterial contrast injections or among patients undergoing coronary angiography with or without percutaneous intervention. Conclusions-Analysis of aggregated summary data from multiple randomized, controlled trials of iodixanol against diverse LOCMs for heterogeneous procedures and definitions of CIN show an iodixanol-associated reduction that is suggestive but statistically nonsignificant. (Circ Cardiovasc Interv. 2010;3:351-358.)
significant morbidity and mortality, 1-3 thus, multiple strategies to adjust modifiable risk factors associated with CIN have been explored. 4 -8 Controversy remains whether certain contrast media types, with various osmolalities, are associated with a lower risk of CIN. Lower osmolality is thought to be associated with a reduced incidence of CIN. 9 Iodixanol has the lowest osmolality of all available contrast media (290 mOsm/kg H 2 O), which represents a nearly two-thirds reduction in osmolality compared with lowosmolar contrast agents such as iohexol (844 mOsm/kg H 2 O). 9 Many prospective trials have evaluated the efficacy of iodixanol compared with various low osmolar contrast media (LOCM). These studies show mixed results. An attempt to analyze several of these randomized trials by McCullough et al 10 showed a significantly protective benefit of iodixanol at reducing the incidence of CIN, whereas other analyses have shown no such benefit. 11, 12 Since the publication of this study, several new randomized trials have been performed to better elucidate the role of iodixanol in radiographic procedures. [13] [14] [15] The goal of our meta-analysis was to assess the efficacy of iodixanol compared with LOCM for prevention of CIN. We hypothesized that in a large analysis without exclusion of trials based on procedure type or population studied, the incidence of CIN would be reduced by iodixanol when compared with LOCM.
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Methods
Criteria for Study Selection
We restricted our meta-analysis to (1) randomized controlled trials that (2) compared iodixanol to any LOCM, (3) provided a definition of CIN, and (4) reported the incidence of CIN in both arms. There was no restriction on the definition of CIN or on the time elapsed before CIN occurred. When a trial report omitted data based on its internal definition of CIN, we substituted incidence of creatinine increase Ն0.5 mg/dL after contrast exposure, which was commonly reported, in the meta-analysis. There were no restrictions to journal type or population studied.
Data Sources
We searched MEDLINE (from 1966 through December 2009), the Cochrane Central Register of Controlled Trials and Web of Knowledge for randomized trials using the search terms: contrast media, contrast nephropathy, renal failure, iodixanol, Visipaque and lowosmolar contrast media. In addition, relevant reviews from major medical journals published within the last 5 years were identified and assessed for possible information on trials of interest. Internet-based sources of information on the results of clinical trials in cardiology (http://www.theheart.org and http://www.tctmd.com) were also searched. The search was conducted by 2 independent investigators (A.M.F. and F.J.A.); discrepancies were resolved by consensus.
Statistical Analysis
All analyses were performed with review manager software (Rev-Man Analyses Version 5.0.4 Copenhagen; The Nordic Cochrane Center, The Cochrane Collaboration, 2008). The meta-analysis was performed using the random-effects models because statistically significant heterogeneity was detected with respect to the primary outcome. Subgroup analyses for comparisons between iodixanol and specific types of low osmolar contrast (eg, iohexol) and specific groups of patients (ie, those receiving arterial injection and those undergoing coronary angiography) were outlined before data collection. Post hoc subgroup analyses of studies stratified by the definition of contrast nephropathy reported (ie, Ն0.5 mg/dL or Ͼ25% increase in baseline creatine value), and by those that report results based on baseline diabetes and kidney function were performed when data were available. Publication bias and skewness were assessed graphically using a funnel plot. Heterogeneity between studies was analyzed by means of I 2 ϭ[(QϪdf)/Q]ϫ100%, where Q is the Cochran 2 statistic 16 and df is its degrees of freedom. This describes the percentage of the variability in effect estimates that is due to heterogeneity rather than sampling error (chance). Because there was significant heterogeneity (Pϭ0.04), the random effects model was chosen.
Results
As shown in Figure 1 , using our search criteria 36 randomized, controlled trials comparing iodixanol to low osmolar contrast media (LOCM) were identified. 13, 14, Overall, 7166 patients; 3672 patients received iodixanol and 3494 patients received LOCM (Tables 1 and 2 ). Although several definitions of CIN were used, as listed in Table 1 , most studies measured the postprocedure creatinine value at 1, 2, or 3 days (nϭ24). In 6 trials, data on contrast nephropathy were not reported in the published report. 19, 27, 32, 40, 44, 46 In these studies, the incidence of contrast nephropathy was obtained from the cited meta-analysis by McCullough et al. 10 Among 33 studies (6293 patients) with data on sex, 74% of patients who received iodixanol were male compared with 73% of patients who received LOCM. Among 19 studies (5143 patients) with data on diabetes mellitus, 48% of patients who received iodixanol were diabetic compared with 46% of patients who received LOCM. Average preprocedure creatinine values were available in 20 studies (3211 patients), the average prior creatinine ranged from 0.9 to 6.3 mg/dL for patients who received iodixanol compared with 0.9 to 7.8 mg/dL for patients who received LOCM ( Table 2 ). Study quality characteristics as defined by the previously published PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) statement are shown in Table 3 . 49 As shown in Figure 2 , the Funnel Plot for all trials where at least 1 patient developed CIN suggests there was little publication bias. Figure 3 shows the results for all trials with at least 1 outcome in either group with the corresponding odds ratios. As shown in Figure 3 , the test for the overall effect using the random-effects model showed a nonsignificant protective trend toward decreased rates of CIN for iodixanol compared with heterogeneous LOCM comparator agents (odds ratio [OR], 0.77; 95% confidence interval [CI], 0.56 to 1.09; Pϭ0.11). Multiple subgroup analyses were performed as shown in Table 4 .
Because the subgroup analysis revealed a significant reduction in the incidence of CIN when iodixanol was compared with iohexol but a nonsignificant reduction when compared with all other LOCM (Table 4) , we performed an interaction analysis using previously described interaction testing methods 50 to determine the relative risk reduction in CIN of other LOCM compared with iohexol. We compared the subgroup of studies where iohexol was used as a control to the subgroup of studies where all other LOCM agents were used as the control agents. This interaction test revealed that other LOCM have a relative risk reduction of 3.52 (95% CI, 1.53 to 8.12; Pϭ0.003) compared with iohexol.
Discussion
The major findings of this meta-analysis of randomized, controlled trials are that (1) Overall, iodixanol was associated with a reduction in the incidence of CIN that was not statistically significant when compared with LOCM. (2) The incidence of CIN was lower with iodixanol when compared only with iohexol. (3) Analysis of patient subgroups revealed that there was no significant benefit of iodixanol when compared with LOCM other than iohexol, other ionic dimers, or among patients receiving intra-arterial contrast injections or among patients undergoing coronary angiography with or without percutaneous intervention.
The findings of our overall analysis are consistent with other meta-analyses by Heinrich et al 11 and Reed et al. 12 However, the results of our analysis contradict a much earlier meta-analysis performed by McCullough et al, 10 which shows a significant reduction in CIN with iodixanol among all patients. We should point out, as stated, that we used the published text by McCullough as a secondary source of data for 6 trials; these data were originally obtained directly from the manufacturer of iodixanol and have not been subject to independent review. Despite the potential for bias by inclusion of this information, our overall analysis extends prior analyses and sometimes challenges their conclusions, probably because it reflects the variation seen in general clinical practice, where strict definitions of contrast nephropathy are usually not used and heterogeneous groups of patients are treated.
We analyzed several subgroups. The subgroups defined before data collection (ie, type of contrast, route of administration, or type of radiographic study) are based on uniformly reported information. Among these subgroups, we found that iodixanol is associated with significant renal protection only when compared with iohexol. Heinrich et al 11 report a similar finding. The difference between these 2 agents may relate to the differences in their molecular structure. The iodixanol molecule is composed of 2 benzoic acid rings attached to 6 iodine atoms. This molecular configuration allows for fewer molecules in solution (thus, lower osmolality) compared with iohexol and in turn results in a lower concentration of iodine (320 mg or lower of iodine/mL for iodixanol versus 350 mg of iodine/mL for iohexol). 9, 51 These differences may explain, in part, the apparent differences seen in the 2 analyses; however, it should be noted that this difference in risk of CIN arises almost entirely from the results of a single study, 52 confined to diabetics, with 26% incidence of CIN, higher than seen in any arm of any other study and far higher than seen in any other study involving iohexol, even in mixed samples including diabetics. Therefore, it may be difficult to make a general conclusion regarding iohexol versus iodixanol. Because there is much debate over the utility of isoosmolar contrast materials in patients with kidney dysfunction or diabetes mellitus, we did attempt to stratify results on the basis of these comorbid conditions. The literature seems to show benefit of isoosmolar contrast media in patients with diabetes and/or kidney dysfunction. For example, the NEPH-RIC Study (NePHRotoxIC effects in high-risk patients undergoing angiography) by Aspelin et al enrolled patients with both diabetes and decreased renal function and showed a clearly protective benefit of iodixanol. On the other hand, studies by Hardiek et al 26 and Jakobsen et al, 28 which enrolled 13 Yes Yes Yes 0.0% No Thomsen 14 No Unclear Yes 19.1% No Andersen 17 No Unclear NA 2.6% No Barrett 18 Yes Yes Yes 7.8% No Bertrand 19 No Unclear Yes 9.0% No Carraro 20 No Unclear NA 0.0% No Chalmers 21 No Unclear NA 17.7% No Chuang 22 No Unclear NA NA No Davidson 23 Yes Yes Yes 4.8% No Feldkamp 24 Yes Yes NA NA No Grossman 25 Yes Yes Yes 1.3% No Hardiek 26 Yes Yes Yes 7.3% No Hill 27 Yes Yes NA 0.0% No Jakobsen 28 No Unclear NA NA No Jo 29 Yes Yes Yes 8.3% Yes Jorgensen 30 No No No 0.0% Yes Juergens 31 Yes Yes Yes 5.4% Yes Klow 32 No Unclear NA NA No Kuhn 33 No Unclear Yes 2.4% No Laskey 34 No Unclear Yes 22.6% Yes Lee 35 No Unclear Yes 0.8% No Mehran 36 Yes Yes NA 0.0% Yes Nie 37 Yes Yes Yes 3.7% Yes Nguyen 38 Yes Yes Yes 7.1% No Poirier 39 No Unclear Yes 2.0% No Pugh 40 No Unclear NA 5.0% No Rosenblum 41 Yes Yes NA 35.2% No Rudnick 42 Yes Yes Yes 11.3% Yes Siegel 43 Yes Yes Yes NA No Singh 44 No Unclear NA 1.7% No Solomon 45 Yes Yes Yes 11.2% Yes Tveit 46 No Unclear NA 1.9% No Verow 47 No Unclear Yes 4.3% No Wessely 15 Yes Yes Yes 0.0% Yes Fischbach 48 Yes Yes Yes 2.5% No Aspelin 52 No Unclear Yes 4.4% Yes NA indicates not available.
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patients with diabetes only and no baseline kidney dysfunction or included patients with baseline kidney dysfunction alone without diabetes mellitus, respectively, showed an equivocal effect of iodixanol on the development of CIN compared with LOCM. We found no difference for iodixanol compared with LOCM among these groups, but we do recognize that outcome data were not uniformly available among patients with baseline renal dysfunction or diabetes. A possible explanation for our findings and the findings in the literature could be that improved procedural technique, in- creased knowledge about risk factors for CIN and advancements in strategies for CIN prevention may have, over time, limited the differences in incidence of CIN and contrast agents among high risk patients.
Study Limitations
The major limitation of our study is that the results are based on the combined data of many heterogeneous randomized, controlled trials. The included trials utilized different radiographic procedures, different contrast loads, various definitions of CIN, and different populations of patients (high-risk or healthy). We have attempted to account for these differences by performing several subgroup analyses and by including both published and unpolished trials. Furthermore, the subgroup analyses of definition of contrast nephropathy and baseline kidney or renal function may be less valid because the data for these groups were dependent on the authors' decision to report stratified results and data for these subgroups were not uniformly available in all studies.
Conclusion
Analysis of aggregated summary data from multiple randomized, controlled trials of iodixanol against diverse LOCMs, for heterogeneous procedures and definitions of CIN, show an iodixanol-associated reduction that is suggestive of a lower incidence of CIN, but is statistically nonsignificant. The incidence of CIN was significantly lower with iodixanol when compared with iohexol but not when compared with LOCM other than iohexol or other ionic dimers. There was no difference in the incidence of CIN with iodixanol among patients receiving intra-arterial contrast injections, those with diabetes and/or kidney dysfunction, or among patients undergoing coronary angiography with or without percutaneous intervention.
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